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$u_{t}+$ $(u\cdot\nabla)$u $=$ $-\nabla p+R\theta$e$z+\Delta$u
$\theta_{t}+(u. \nabla)\theta$ $=$ $(w+\Delta\theta)/P$
$\nabla$ . $u$ $=$ 0
(2.1)




$(u, v, w, \theta,p)(t, x,y, z)-*(u, v, -w, -\theta,p)(t, x, y, 1-z)$
$(x, y)$ $(2\pi/\alpha, 2\pi/\beta)$ .
$u= \sum_{(m,n,l)\in \mathrm{Z}^{3}}u_{m,n,l}e^{i(m\alpha x+n\beta y+l\pi z)}$
$(m, n, l)=\mathrm{m}$ $u_{m,n,l}=u_{\mathrm{m}}$ .
um=u-
$u_{m,n,l}$ $=$ $u_{m,n,-l}$ ,
$v_{m,n,l}$ $=$ $v_{m,n,-l}$ ,
$w_{r}$m,$n,l$ $=$ -w$n\iota$ ,n,-l, (2.3)




$-\omega^{2}$ 0 0 0 -im$\alpha\backslash$
$0$ $-\omega^{2}$ 0 0 -in$\beta$
00 $-\omega$2 $R$ -il$\pi$
00 $1/P$ $-\omega^{2}$/P 0
$im\alpha$ $in\beta$ $il\pi$ 0 0
/
$(\begin{array}{l}u_{\mathrm{m}}v_{\mathrm{m}}w_{\mathrm{m}}\theta_{\mathrm{m}}p_{\mathrm{m}}\end{array})-(\begin{array}{l}\{(u\cdot\nabla)u\}_{\mathrm{m}}\{(u\cdot\nabla)v\}_{\mathrm{m}}\{(u\cdot\nabla)w\}_{\mathrm{m}}\{(u\cdot\nabla)\theta\}_{\mathrm{m}}0\end{array})$ (2.4)




$+k\mathrm{m}(\begin{array}{l}m\alpha n\beta 0\end{array})$ $(l\neq 0)$ (2.5)
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$(\begin{array}{l}u_{\dot{\mathrm{m}}}v_{\dot{\mathrm{m}}}\end{array})=M_{(nln,0)},(\begin{array}{l}u_{\mathrm{m}}v_{\mathrm{m}}\end{array})-$ $+k_{(m,n,0)}(\begin{array}{l}7n\alpha n\beta\end{array})$ $(l=0)$ (2.6)
, $M_{\mathrm{m}}$ $k_{\mathrm{m}}$ .
$k_{\mathrm{m}}= \frac{1}{\omega^{2}}$ ($m\alpha\{$ ( $u$ . \nabla )u} $+n\beta\{(u\cdot\nabla)v\}_{\mathrm{m}}+l\pi${(u. $\nabla)w\}_{\mathrm{m}}$),
$M_{\mathrm{m}}=(\begin{array}{lll}-\omega^{2} 0 -ml\pi\alpha R/\omega^{2}0 -\omega^{2} -nl\pi\beta R/\omega^{2}-m\alpha/l\pi P -n\beta/l\pi P -\omega^{2}/P\end{array}):$ $(l\neq 0)$ ,
$M_{\mathrm{m}}=(\begin{array}{ll}-\omega^{2} 00 -\omega^{2}\end{array}),$ $(l=0)$
$M_{\mathrm{m}}$ 0 ( 0) $l\mathrm{h}l$ \neq 0 $k$ $(k^{2}=m^{2}\alpha^{2}+n^{2}\beta^{2})$
$R=R(k)=(k^{2}+l^{2}\pi^{2})^{3}/k^{2}$ .
$l=1$ .
, (2.1) 2 , $(x, z)$
, . $u,$ $w,$ $\theta,p$
. , $\mathrm{m}=(m, l)\in \mathrm{Z}^{2}$
$\omega^{2}=m^{2}\alpha^{2}+l^{2}$ \pi 2 .
$(\begin{array}{l}u_{\dot{\mathrm{m}}}\theta_{\dot{\mathrm{m}}}\end{array})=M_{\mathrm{m}}(\begin{array}{l}u_{\mathrm{m}}\theta_{\mathrm{m}}\end{array})-(\begin{array}{l}\{(u\cdot\nabla)u\}_{\mathrm{m}}\{(u\cdot\nabla)\theta\}_{\mathrm{m}}\end{array})+k_{\mathrm{m}}(\begin{array}{l}m\alpha 0\end{array})$ $(l\neq 0)$ (2.7)
$u_{\dot{\mathrm{m}}}=-\omega^{2}$- $(l=0)$ (2.8)
$M_{\mathrm{m}}$ k .
$k_{\mathrm{m}}= \frac{1}{\omega^{2}}$ ($m\alpha\{$ ( $u$ . \nabla )u} $+l\pi\{(u\cdot\nabla)w\}_{\mathrm{m}}$ ),











$\mathrm{m}_{i}=$ ( $m_{i},$ $l$i) .
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, , , 0
. ,
$(R, \alpha, \beta)$ . 2
$(n, n+1)$ 2 ,
. 3 1: $\sqrt$3
.
3 2 ($n,$ $n$ +l)
, 2
. (2.7)(2.8) 0
$R=R(\alpha;m, l)=(m^{2}\alpha^{2}+l^{2}\pi^{2})^{3}/m^{2}\alpha^{2}$ , $x$ ,
2 . $\alpha$ , $R^{*}$ $R<R^{*}$
0 . 2
( 3( ) . , .).-
: $n$ $R^{*}=R(\alpha_{1}.\pm n, 1)$ $|m|\neq n$ $R<R(\alpha;m, 1)$ .
: $n$ $R^{*}=R(\alpha;\pm n, 1)=R(\alpha;\pm(n+1), 1)$ $|m|\neq n,$ $n$+l
$R<R(\alpha;m, 1)$ .
. , . $\mathrm{m}\in S$ :=
$\{(\pm n, \pm 1), (\pm n,$ $\mp 1)\}$ ( ) $M_{\mathrm{m}}$ 0 1 . $(u_{\mathrm{m}}, \theta_{\mathrm{m}})$




$T= \frac{1}{(1+P)m\alpha l\pi\omega^{2}}(m\alpha m\alpha$ $-lP\pi l\pi$:$22$ )
$\mathrm{m}\in S$ .-
$(\begin{array}{l}\tilde{u}_{\dot{\mathrm{m}}}\tilde{\theta}_{\dot{\mathrm{m}}}\end{array})=.(\begin{array}{ll}0 00 -_{P}^{\underline{1}\pm\underline{P}2}\omega\end{array})(\begin{array}{l}\tilde{u}_{\mathrm{m}}\tilde{\theta}_{\mathrm{m}}\end{array})-T(\begin{array}{l}\{(v\cdot\nabla)u\}_{\mathrm{m}}\{(u\cdot\nabla)\theta\}_{\mathrm{m}}\end{array})+Tk_{\mathrm{m}}(\begin{array}{l}m\alpha 0\end{array})$ (3.1)
, $\tilde{u}_{\mathrm{m}}$ $(\mathrm{m}\in S)$ 4 , $\tilde{\theta}_{\mathrm{m}}(\mathrm{m}\in S)$
$u_{\mathrm{m}},$
$\theta_{\mathrm{m}}(\mathrm{m}\not\in S)$ . $\tilde{u}(n,1)---\tilde{u}(n,-1)$ ,
$\tilde{u}_{(n,1)}$ , $\overline{\tilde{u}_{(n,1)}}$ . , $\mathrm{A}\backslash \delta$
$|\tilde{u}(n,1)|<\delta$
$O$ (\mbox{\boldmath $\delta$}2) . 3
. (3.1) 2 $O$ (\mbox{\boldmath $\delta$}3)
(3.1) $\tilde{u}(n,1)$ $u_{\mathrm{m}_{1}}u_{\mathrm{m}\underline{\circ}}$ ( $\mathrm{m}_{1}+\mathrm{m}_{2}=(n,$ $1$ )) ,
$O$ (\mbox{\boldmath $\delta$}3) $(\mathrm{m}_{1}, \mathrm{m}_{2})$ $((n, 1),$ $(0,0))$ , $((-n, 1),$ $(2n, 0))$ ,
$((n, -1),$ $(0,2))$ , $((-n, -1),$ (2n, 2) $)$ $\mathrm{A}\backslash$ . . $\theta(m,0)=0$ ,
2 $u_{(m,0)}=0$ , 4
$arrow \mathrm{B}^{1}\mathrm{J}$ 2 . $((-n, -1),$ (2n, 2) $)$ (2.9) (2.10) (2.1l)
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. $A:=\tilde{u}_{(n,1)}$ $O$ (\mbox{\boldmath $\delta$}3)
$B:=u(0,,$${}_{2)}C:=\theta(0,2)$ , .




$=$ -4$\pi^{2}C+4\pi\omega^{2}n$2 $\alpha^{2}i|$A$|^{2}+O(\delta^{4})$ $(3.4)$








. $n’=n+1$ $\mathrm{m}\in S:=\{(\pm n, \pm 1),$ $(\pm n,$ $\mp 1)$ ,
$(\pm n’, \pm 1),$ (\pm n’, $\mp 1$ ) $\}$ ( ) $M_{\mathrm{m}}$ 0 1 . $M_{\mathrm{m}}$
( ) $A:=\tilde{\tau\nu}(n,1)$ , $\overline{A}=\tilde{u}_{(-n,-1)},$ $B:=\tilde{u}_{(n’,1)}$ ,
$\overline{B}=\tilde{u}(-n’,-1)$ 4 . , $A=\tilde{u}(n,1)$ 3 $C:=u(0,2)$ ,
$D:=\theta 0,2)’ E(:=u(n-n’,2)’ F:=\theta(n-n’,2)$ , $G:=u(n+n’,2)$ , $H:=\theta(n+n’,2)$ .
3 2 $n\geq 2$















, $r=|\tilde{A}|,$ $s=|\tilde{B}|$ . (3.7) $r\geq 0,$ $s$ \geq 0 4 $(0, 0)$ , (r1,0),
$(0, s1)$ , $(r^{*}, s*)$ . $r^{*}s^{*}\neq 0$ $(r^{*}, s*)$ .


































$(k^{2}+\pi^{2})^{3}/k^{2}$ k=k $(\alpha$ , \beta $)$ =k (l, $\sqrt$3) .
($R=R$(kc) .) $R=R$(kc) 3
. $\mathrm{m}\in \mathrm{Z}^{3}$ $\mathrm{m}=$ $(\pm 2,0, \pm 1),$ ( $\pm 1,$ $\pm 1,$ $\pm \mathfrak{y}$ 12 ( (
) $M_{\mathrm{r}\mathrm{n}}$ 0 1
. ,
. 12 $\tilde{u}(2,0,1),\tilde{u}(-1,1,1),\tilde{u}(-1,-1,1)$
. 3 $u_{\mathrm{m}},$ $v_{\mathrm{m}}.,$$\theta:$. m:’ $i=1,$ $\cdots,$ $9$ 27
. $\mathrm{m}_{1}=(0, 0, 2)$ , $\mathrm{m}_{2}=(3, -1,0)$ , $\mathrm{m}_{3}=(3,1,0),$ $\mathrm{m}_{4}=(1,1,0),$ $\mathrm{m}_{5}=(1, -1,0)$ ,




$\theta_{\mathrm{m}_{5}}$ 0 . , $A_{1}$ , A2, $A_{3}$
$a,$ $b,$ $c$ ,
.
$\dot{A}_{i}=A_{i}(\mu-a|A_{i}|^{2}-b|A_{j}|^{2}-b|A_{k}|^{2})$ (4.1)





$\dot{r}_{1}$ $=$ $r_{1}$ ($\mu-ar$12-b $r$22-b $r$32)
$\dot{r}_{2}$ $=$ $r_{2}$ ($\mu-br_{1^{2}}-ar$22-b $r$32)




$\bullet$ (R) $–(r^{\uparrow},0,0),$ $(0, r^{\uparrow}, 0),$ $(0,0,r^{\mathrm{t}})$
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(PQ) $(r^{1}, r\ddagger, 0),$ $(0, r^{\mathrm{I}}, r^{\mathrm{I}}),$ $(r^{\mathrm{I}}, 0, r^{1})$. $(\mathrm{H})-\cdot(r^{*}, r^{*}, r^{*})$
. (O) $\Gamma$ , (R) ( , $(\mathrm{P}\mathrm{Q})$ . , (H):
. (4.2) (0) $|3$ , (R). 0, $(.\mathrm{P}\mathrm{Q})$
$1$ , (H):2 . (H) $b-a>0,$ $b-a>0,$ $-a-2b<0$ ,
$(b-a)/(a+2b)$ 2 .
( $P=1$ 0.00757 $\cdots$ ) ,
$P$ . , ( ) (
) ,
.
2: / . $\llcorner$. $P$ , –(b-a)/(a+2b).
5
Rayleigh-B\’enard Boussinesq ,
, ( ) ,
first instability . 2
( 3( )) , 3 ( 3( )










3: . $\alpha\tau$ $R$ ,
$R=R$(\mbox{\boldmath $\alpha$};1, 1), $\cdots,$ $R$ (\mbox{\boldmath $\alpha$}, 4, 1) . 2 $\mathrm{s}\mathrm{t}$ instability
$(\alpha,\beta)$ , $\alpha,$ $\beta$
. .
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